SPECIFICATION 



REFRIGERATOR 

Technical Field 

The present invention relates a refrigerator used in an 
air conditioner or the like. 

Background Technique 

Fig. 4 shows a conventional refrigerator (see Patent 
Document 1 for example)- In Fig. 4, a reference number 1 
represents a compressor, a reference number 2 represents an 
outdoor heat exchanger , a reference number 3 represents an indoor 
heat exchanger, a reference number 4 represents an accumulator 
and a reference number 5 represents a four-way valve , The 
outdoor heat exchanger 2 and the indoor heat exchanger 3 are 
connected to each other through a refrigerant passage 17. A 
refrigerant passage 17 is provided with the first expansion 
valve 11, the second expansion valve 12 and a third, expansion 
valve 13 in series. 

The refrigerant passage 17 between the first expansion 
valve 11 and the second expansion valve 12 is provided with 
a receiver 7 for separating gas and liquid from each other. 
An inner heat exchanger* 8 includes a high pressure-side heat 
transfer section Saanda lowpressure-side heat transfer section 
8b. The refrigerant passage 17 between a second expansion valve 
12 and a third expansion valve 13 is provided with the high 
pressure-side heat transfer section 8a of the inner heat 
exchanger 8. One end of the low pressure-side heat transfer 
section 8b of the inner heat exchanger 8 is connected to a 
refrigerant passage 14 and the other end of the lowpressure-side 
heat transfer section 8b is connected to a refrigerant passage 
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15. The refrigerant passage 14 is an outlet-side pipe of the 
four-way valve 5 , and the refrigerant passage 15 is an inlet-side 
pipe to the accumulator 4. A gas phase section of the receiver 
7 is connected to a compressing chamber of the compressor 1 
through a refrigerant passage 16 including a control valve 10 ♦ 
This conventional refrigerator uses carbon dioxide as a 
refrigerant* 

A cooling operation of the refrigerator will be explained 
with reference to Fig. 5 which is a diagram showing "P (pressure) 
- h( enthalpy ) u . 

At the time of the cooling operation, C02 refrigerant 
( gas refrigerant ) discharged from the compressor 1 is introduced 
into the outdoor heat exchanger 2 through the four -way valve 
5, and heat of the refrigerant is dissipated at a supercritical 
region (regions of points D to E in Fig* 5) in the outdoor heat 
exchanger 2, The C02 refrigerant in a supercritical state 
flowing out from the outdoor heat exchanger 2 is primarily 
expanded in the first expansion valve 11 (regions of points 
E to F). and introduced into the receiver 7 in a gas-liquid 
two phases, and gas and liquid are separated here (points G 
and H) . 

A liquid refrigerant separated in the receiver 7 passes 
through the fully-opened second expansion valve 12 and flows 
into the high pressure-side heat transfer section 8a of the 
inner heat exchanger 8 . While the liquid refrigerant flows 
from an inlet (point H) of the high pressure-side heat transfer 
section 8a toward an outlet (point I) of the high pressure-side 
heat transfer section 8a, the liquid refrigerant exchanges heat 
between itself and gas refrigerant which flows from an inlet 
(point K) of the low pressure-side heat transfer section 8b 
toward an outlet (point A) of the low pressure -side heat transfer 
section 8b. Then, the liquid refrigerant is secondarily 
expanded in the third expansion valve 13 (regions of points 



I to J). Thereafter, the liquid refrigerant is sent to the 
indoor heat exchanger 3 and is evaporated while it flows from 
an inlet (point J) of the indoor heat exchanger 3 to an outlet 
(point K) of the indoor heat exchanger 3 and becomes gas 
refrigerant. This gas refrigerant is again drawn into the 
compressor 1 and compressed. The drawing temperature is higher 
(i.e., temperature corresponding to point A) than the outlet 
w ^ temperature ( temperature corresponding to point K ) of the indoor 

heat exchanger 3 by' a temperature (shown with "d" ) increased 
by the internal heat exchange in the inner heat exchanger 8. 
The gas refrigerant separated by the receiver 7 is injected 
into the compressing chamber which is in a compression stroke 
of the compressor 1 through the refrigerant passage 16 (see 
point G) • 

The gas refrigerant is injected into the compressing 
chamber of the compressor 1 in this manner, and the gas 
refrigerant is mixed with a gas refrigerant in the compressing 
chamber, thereby facilitating the cooling effect and high 
density effect of the gas refrigerant in the compressing chamber. 
Therefore , the drawing temperature of the compressor 1 is 
increased by the internal heat exchange, and a temperature of 
the gas refrigerant in the compressing chamber is once reduced 
to a temperature corresponding to point C from a temperature 
corresponding topoint B at the time of gas injection irrespective 
of a fact that the compression is started from this high drawing 
temperature, and the reduced temperature is again increased 
and the temperature corresponding to point D becomes a 
discharging temperature. Therefore, since the discharging 
temperature is affected by temperature reduction associated 
with the gas injection, and the discharging temperature can 
be lower than a temperature ( temperature corresponding to point 
DO) when the gas injection is not carried out and the refrigerant 
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is compressed from point A to point DO, and the reliability 
of the compressor 1 can be enhanced. 
[Patent Document 1] 

Japanese Patent Application Laid-open No * 2001 -296067 
( page 8 , Figs . 4 and 5 ) 

According to this conventional refrigerator, when a 
compression ratio of the compressor 1, i.e,, a ratio of a 
discharging pressure at point D and a drawing pressure at point 
A shown in Fig. 5 is great at the time of warming operation 
for example when an outside temperature is low, the discharging 
temperature becomes abnormally high due to characteristics of 
the carbon dioxide which is a refrigerant. For this reason, 
even if a gas refrigerant separated by the receiver 7 is injected 
into the compressor 1 , the discharging temperature is not lowered 
sufficiently and the reliability of the compressor 1 is not 
sufficient ♦ 

To avoid this situation , if the control valve 10 is further 
opened to increase the amount of injection flow of the refrigerant , 
a liquid refrigerant separated in the receiver 7 is also inj ect ed ♦ 
Therefore, the liquid refrigerant flows into the compressing 
chamber which is in the compression stroke of the compressor 
1, and the incompressible liquid refrigerant is compressed. 
Thus, a cylinder, a bearing and the like which form the 
compressing chamber are worn, and reliability thereof can not 
be secured. 

Disclosure of the Invention 

The present invention has been accomplished to solve the 
conventional problem, and it is an object of the invention to 
provide a refrigerator in which even if carbon dioxide is used 
as a refrigerant and the refrigerator is operated at high 
compression ratio, a discharging temperature of the compressor 
can reliably and safely be reduced* 



To solve the above conventional problem , the refrigerator 
of the invention comprises an injection pipe for injecting a 
refrigerant in a supercritical state of a radiator outlet into 
a cylinder of a compressor. Since the refrigerant in the 
supercritical state having low enthalpy which is discharged 
from the radiator is directly injected into the compressor, 
even if the amount of refrigerant is small, the effect for 
w ^ reducing a discharging temperature of the compressor is great* 

Further, not a liquid refrigerant but the refrigerant in the 
supercritical state is injected and thus, liquid compression 
is not carried out and the reliability is enhanced. 

Further, according to the present invention, even when 
cooling and warming operations are carried out by switching 
a four-way valve, since the refrigerant in the supercritical 
state of an outlet of an outdoor heat exchanger or an outlet 
of an indoor heat exchanger is injected into the cylinder of 
the compressor using a check valve, the refrigerant in the 
supercritical state having the low enthalpy can directly be 
injected to the compressor, the discharging temperature of the 
compressor can largely be reduced ♦ Since the refrigerant is 
in the supercritical state, liquid compression is not carried 
out and the reliability is enhanced* 

Brief Description of the Drawings 

Fig. 1 is a block diagram of a refrigerator according 
to an embodiment 1 of the present invention. 

Fig. 2 is a P-h diagram showing a refrigeration cycle 
in the embodiment of the invention. 

Fig. 3 is a block diagram of a refrigerator according 
to an embodiment 2 of the invention. 

Fig. 4 is a block diagram of a conventional refrigerator. 

Fig. 5 is a P-h diagram showing a refrigeration cycle 
of the conventional refrigerator. 
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Preferred Embodiments of the Present Invention 

A refrigerator- of the present invention will be explained 
based on concrete embodiments below, 
(Embodiment 1) 
Fig • 1 is a block diagram of a refrigerator according 
to an embodiment 1 of the present invention. 

In Fig* 1, a reference number 21 represents a compressor , 
a reference number 2 2 represents a radiator, a reference number 

23 represents a first throttle apparatus and a reference number 

24 represents an evaporator. A reference number 25 represents 
a fan for the radiator 22 and a reference number 26 represents 
a fan for the evaporator 24 . In this refrigerator, a pipe which 
is branched off from a pipe on the side of an outlet of the 
radiator 22 is connected to a cylinder (not shown) of the 
compressor 21 , and a second throttle apparatus 2 7 is provided 
in an intermediate portion of the branched pipe , and a refrigerant 
on the side of the outlet of the radiator 22 is injected into 
the cylinder of the compressor 21. 

A temperature sensor 2 8 detects a discharged gas 
temperature of the compressor 21- A control apparatus 29 
compares the discharged gas temperature and a set value and 
controls an opening degree of the second throttle apparatus 
27. 

In this embodiment, the refrigerator uses carbon dioxide 
as the refrigerant . 

The operation of the refrigerator will be explained with 
reference to Pig. 2 also. Fig. 2 is a "P(pressure) -h(enthalpy) 
diagram" . 

A refrigerant (carbon dioxide) is compressed to a high 
pressure and discharged by the compressor 21. The discharged 
refrigerant is introduced into the radiator 22, heat thereof 
is exchanged with air by the fan 25, and the heat is dissipated 
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in a supercritical region (region of points D to E in Fig. 2) . 
The carbon dioxide refrigerant in the supercritical state 
flowing out from the radiator 22 is expanded by the first throttle 
apparatus 23 (regions of points E and F). The carbon dioxide 
refrigerant is heat -exchanged with air by the fan 2 6 and is 
evaporated and becomes a gas refrigerant (regions of points 
F to A), 

The gas refrigerant is again drawn into the compressor 
21 (point A) and compressed. 

On the other hand, when the discharged gas temperature 
of the compressor 21 detected by the temperature sensor 28 is 
higher than a temperature preset in the control apparatus 29 , 
the control apparatus 29 outputs a command for increasing an 
opening degree of the second throttle apparatus 2 7 so that 
refrigerant flows . 

In this case, a portion of the refrigerant in the 
supercritical state flowing out from the radiator 22 (point 
E ) passes through the second throttle apparatus 27 and is injected 
into, the cylinder of the compressor 21. 

Then, the drawn gas compressed in the cylinder (point 
A) is compressed up to point B where the drawn -gas is mixed 
with the injected refrigerant , a temperature thereof is reduced 
to the state of point C, and the drawn gas is further compressed 
and brought into a high pressure state (point D) . 

In this embodiment , since a refrigerant in the 
supercritical state at point E having low enthalpy is directly 
injected, the state of point D can largely be reduced in 
temperature as compared with a discharged gas temperature when 
the refrigerant is not injected (pbint D' ) , and it is possible 
to prevent the reliability of the compressor 21 from being 
deteriorated due to temperature rise. 

Since the in jected refrigerant in the supercritical state 
is not a liquid refrigerant, it has compressibility. That is, 
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if a liquid refrigerant having a temperature of 2 0*C and a pres sure 
of 6MPa is adiabatic-compressed and its pressure becomes 30MPa 
in supercritical state, its density is increased only by about 
10% and it is not compressed almost at all. However, if a carbon 
dioxide refrigerant in the supercritical state having a 

temperature of 35°C and a pressure of 8MPa is . 

adiabatic-compressed to 30MPa, its density is increased by about 
60% , and its compressibility is great. 

For this reason, even if a large amount of refrigerant 
in the supercritical state is temporarily injected and mixed 
into the cylinder or bearing, an abnormal pressure rise by 
capacity reduction of the cylinder or bearing is less prone 
to be generated, and various sliding parts in the compressor 
21 can be prevented from being worn and thus, the reliability 
is enhanced- 

In this embodiment, the opening degree of the second 
throttle apparatus 27 is controlled in association with a 
difference between a discharged gas temperature of the 
compressor 21 detected by the temperature sensor 28 and a 
temperature which is preset in the control apparatus 29. 
Alternatively, high pressure and low pressure may be detected 
and the opening degree of the second throttle apparatus 27 may 
be controlled in association with the pressures . Such a method 
is also one of embodiments of this invention. 

(Embodiment 2) 

Fig . 3 is a block diagram of a refrigerator in an embodiment 
2 of the present invention. 

In Fig, 3, elements having the same functions as those 
shown in Fig. 1 are designated with the same symbols and 
explanation thereof will be omitted. 

The refrigerator in the embodiment 2 includes a four-way 
valve 30 which switches cooling and warming operations, an 



outdoor heat exchanger 31, a first throttle apparatus 23 and 
an indoor heat exchanger 32 are connected to one another to 
constitute a main circuit of the refrigeration cycle, 

A pipe branched off from a pipe between the outdoor heat 
exchanger 31 and the first throttle apparatus 23 is connected 
to a cylinder (not shown) of the compressor 21 , and a check 
valve 33 is connected to an intermediate portion of the branched 
pipe so that a refrigerant only flows toward the compressor 
21 (in a direction shown with solid arrows in Fig. 3) . A pipe 
branched off from a pipe between the indoor heat exchanger 3 2 
and the first throttle apparatus 23 is connected to the cylinder 
(not shown) of the compressor 21 , and a check valve 3 4 is connected 
to an intermediate portion of the branched pipe so that a 
refrigerant only flows toward the compressor 21 (in a direction 
shown with broken arrows in Fig . 3 ) - 

The pipe on the side of an outlet of the check valve 33 
and the pipe on the side of an outlet of the check valve 34 
are merged with each other as a common pipe, and this common 
pipe is connected to a second throttle apparatus 27. 

According to the refrigerator of this embodiment, a 
refrigerant between the outdoor heat exchanger 31 and the first 
throttle apparatus 23 is injected into the cylinder of the 
compressor 21 at the time of the cooling operation, and a 
refrigerant between the indoor heat exchanger 32 and the first 
throttle apparatus 23 is injected into the cylinder of the 
compressor 21 at the time of warming operation. 

In this embodiment, the refrigerator uses carbon dioxide 
as the refrigerant. 

The operation of this refrigerator will be explained also 
using Fig. 2 explained in the embodiment 1. Fig. 2 is a 
"P{ pressure) -h( enthalpy) diagram" . 

At the time of the cooling operation, a refrigerant 
(carbon dioxide) which was compressed to a high pressure and 



discharged by the compressor 21 passes through the four-way 
valve 30 and flows In the direction shown with solid arrows 
and is introduced into the outdoor heat exchanger 31. Heat 
of the refrigerant is exchanged with outdoor air sent by the 
fan 25 and dissipated in the supercritical region (regions of 
points D to E in Fig. 2). The carbon dioxide refrigerant in 
the supercritical state flowing out from the outdoor heat 
exchanger 31 is expanded in the first throttle apparatus 23 
(regions of points E to F) , and heat of the refrigerant is 
exchanged with indoor air sent by the fan 2 6 in the indoor heat 
exchanger 32 to carry out the cooling operation- The 
refrigerant is evaporated and becomes a gas refrigerant (regions 
of points F to A), 

The gas refrigerant passes through the f our-way valve 

30 and is again drawn into the compressor 21 (point A) and 
compressed* 

When the second throttle apparatus 27 is closed due to 
directional properties of the check valves 33 and 34, the 
refrigerant does not flow such as to bypass the first throttle 
apparatus 23. 

On the other hand, when the discharged gas temperature 
of the compressor 21 detected by the temperature sensor 28 is 
higher than a temperature preset in the control apparatus 29, 
the control apparatus 29 outputs a command for increasing an 
opening degree of the second throttle apparatus 2 7 so that 
refrigerant flows. 

In this case, a portion of the refrigerant in the 
supercritical state flowing out from the outdoor heat exchanger 

31 (point E) passes through the check valve 33 and the second 
throttle apparatus 27 and is injected into the cylinder of the 
compressor 21 . 

Then, the drawn gas compressed in the cylinder (point 
A) is compressed up to point B where the drawn gas is mixed 
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with the injected refrigerant , a temperature thereof is reduced 
to the state of point C. and the drawn gas is further compressed 
and brought into a high pressure state (point D)* 

In this embodiment, since a refrigerant in the 
supercritical state at point E having low enthalpy is directly 
injected, the state of point D can largely be reduced in 
temperature as compared with a discharged gas temperature when 
the refrigerant is not injected (point D 1 ) , and it is possible 
to prevent the reliability of the compressor 21 from being 
deteriorated due to temperature rise. 

Since the in jected refrigerant in the supercritical state 
is not a liquid refrigerant, it has compressibility. For this 
reason , even if a large amount of refrigerant in the supercritical 
state is temporarily injected and mixed into the cylinder or 
bearing, an abnormal pressure rise by capacity reduction of 
the cylinder or bearing is less prone to be generated , and various 
sliding parts in the compressor 21 can be prevented from being 
worn and thus . the reliability is enhanced . 

On the other hand, at the time of the warming operation, 
a refrigerant (carbon dioxide) which was compressed to a high 
pressure and discharged by the compressor 21 passes through 
the four-way valve 30 and flows in the direction shown with 
broken arrows and is introduced into the indoor heat exchanger 
32. Heat of the refrigerant is exchanged with indoor air sent 
by the fan 26 to carry out the warming operation and dissipated 
in the supercritical region (regions of points D to E in Fig. 
2) . The carbon dioxide refrigerant in the supercritical state 
flowing out from the indoor heat exchanger 32 is expanded in 
the first throttle apparatus 23 (regions of points E to F) , 
and heat of the refrigerant is exchanged with outdoor air sent 
by the fan 25 in the outdoor heat exchanger 31 . The refrigerant 
is evaporated and becomes a gas refrigerant (regions of points 
F to A) - 
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The gas refrigerant passes through the four-way valve 
30 and is again drawn into the compressor 21 (point A) and 
compressed. 

When the second throttle apparatus 27 is closed due to 
directional properties of the check valves 33 and 34, the 
refrigerant does not flow such as to bypass the first throttle 
apparatus 23. 

On the other hand, when the discharged gas temperature 
of the compressor 21 detected by the temperature sensor 28 is 
higher than a temperature preset in the control apparatus 29, 
the control apparatus 29 outputs a command for increasing an 
opening degree of the second throttle apparatus 27 so that 
refrigerant flows . 

In this case, a portion of the refrigerant in the 
supercritical state flowing out from the indoor heat exchanger 
32 passes (point E) through the check valve 34 and the second 
throttle apparatus 27 and is injected into the cylinder of the 
compressor 21, 

The "P(pressure)-h(enthalpy) diagram" showing the state 
of the refrigerant of this case is the same as that of the cooling 
operation and thus, explanation thereof is omitted. 

In this case, when high temperature wind is necessary 
such as warming operation when outside temperature is low, the 
discharging pressure is increased, the drawing pressure is 
reduced and the discharging temperature is abnormally increased , 
Therefore, the discharging temperature can reliably be reduced 
by the present invention and various sliding parts in the 
compressor 21 can be prevented from being worn and thus, the 
reliability is enhanced. 

In this embodiment, at the time of the cooling and warming 
operations , the opening degree of the second throttle apparatus 
27 is controlled in association with a difference between a 
discharged gas temperature of the compressor 21 detected by 
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the temperature sensor 28 and a temperature which is preset 
in the control apparatus 29. Alternatively, high pressure and 
low pressure may be detected and the opening degree of the second 
throttle apparatus 27 may be controlled in association with 
the pressures. Such a method is also one of embodiments of 
this invention* 

As explained above, according to the refrigerator of the 
present invention, since the refrigerant in the supercritical 
state is directly injected to the compressor, even if the amount 
of the refrigerant is small, the effect for reducing the 
discharging temperature is great, and since the refrigerant 
in the supercritical state has higher compressibility than that 
of the liquid refrigerant, even if the refrigerant in the 
supercritical state is mixed into the cylinder or bearing, the 
pressure is less prone to be increased abnormally unlike the 
conventional liquid compression, various sliding parts can be 
prevented from being worn, and the reliability can be enhanced* 
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